Introduction
Surgical treatment of malignancies involving the oral cavity often results in an altered anatomical situation, which may severely hamper oral functioning. Surgical treatment is often combined with radiotherapy, which further worsens oral functioning. Salivary secretion is reduced, and speech, chewing (mastication), swallowing and aesthetics are often impaired (Zlotolow et al. 1992; Mounsey & Boyd 1994; Hayter & Cawood 1996; Kwakman et al. 1997a; Roumanas et al. 1997; Visch et al. 2002; Vissink et al. 2003a; Vissink et al. 2003b ).
Due to the changed intra-oral conditions (changed anatomy, oral sequelae of radiotherapy) the possibilities to obtain proper stability and retention for a mandibular prosthesis are seriously at risk (Buchbinder et al. 1989; Hayter & Cawood 1996; Marker et al. 1997;  Misiek & Chang 1998). For example, particularly after radiotherapy, the load-bearing capacity of both the native and reconstructed tissues is compromised (Buchbinder et al. 1989; Judy et al. 1991; Weischer et al. 1996; Visch et al. 2002; ) . Until recently neither reconstructive surgery nor conventional prosthodontic techniques were capable to address these problems successfully (Sclaroff et al. 1994; Watzinger et al. 1996) . In prospective studies with a follow up of 10 years reporting on the treatment outcome of implant-retained overdentures in healthy patients suffering from impaired oral functioning due to an unstable lower denture, implant-retained overdentures have been proven to be a reliable treatment for problems involving lack of stability and retention of a lower denture (Raghoebar et al. 2003a ). Because of this high success rate a similar prosthodontic treatment approach can probably attribute to better functional results in the oral rehabilitation of head and neck cancer patients (Buchbinder et al. 1989; Zlotolow et al. 1992; Franzen et al. 1995; Reychler et al. 1996; Schmelzeisen et al. 1996; McGhee et al. 1997; Roumanas et al. 1997; Wei et al. 1997; Gürlek et al. 1998; Misiek & Chang 1998; Urken et al. 1998; Granstrom et al. 1999; Weischer & Mohr 2001; Schultes et al. 2002) .
Nowadays, endosseous implants are used with increasing frequency for prosthetic support in patients who are treated for malignancies in the lower region of the oral cavity (Judy et al. 1991; Marker et al. 1997; McGhee et al. 1997; Wei et al. 1997; Weischer & Mohr 2001) . Such implant-based prosthodontic rehabilitation is not only performed in patients in whom the mandible and soft tissues were reconstructed, but also in patients in whom the mandible was located in the radiation portals, in spite of the well-documented adverse biologic changes that occur when soft and osseous tissues have been exposed to ionizing radiation (Jacobsson et al. 1985; Taylor & Worthington 1993; Keller et al. 1997a; McGhee et al. 1997; Wang et al. 1998; Visch et al. 2002; Vissink et al. 2003a; Vissink et al. 2003b ). It has been stated that implant surgery at irradiated sites bears the significant risk of development of soft and hard tissue necrosis, and loss of implants (Granstrom et al. 1992a ). Moreover, the ty of life) of prosthodontic rehabilitation with implant-retained lower dentures in irradiated head and neck cancer patients.
Material and methods

Patients
In 2000 all consecutive edentulous patients that had been treated for a first malignancy in the head and neck region (squamous cell carcinoma of tongue, floor of the mouth, mandibular gingiva, buccal mucosa or oropharynx) with either radiotherapy or a combination of surgery and radiotherapy were screened to be included in this study.
The patients had been admitted between 1990 and 2000 to the Head and Neck Oncology Group of the Groningen University Medical Center, the Netherlands. In total 72 patients were screened by a maxillofacial surgeon (PJS) and prosthodontist (HR). Prosthetic problems related to lack of stability and retention of the lower denture were evaluated. In addition, it was required that little or no improvement could be expected from making a new set of dentures. Forty eight of these 72 patients had problems with functioning with their lower denture. Of this group of 48 patients, 26 patients wanted to participate in this study, while the other 22 patients did not want additional nononcologic surgical interventions as is implant appropriateness of using implants in irradiated patients has been seriously questioned (Granstrom et al. 1999 ). To reduce these risks, the need for adjunctive prophylaxis with long lasting use of antibiotics and hyperbaric oxygen (HBO) therapy has been proposed (Granstrom 2003) .
It was advocated to use HBO therapy prior to implant placement to improve blood flow in compromised areas. Experimental data reporting increased bone mineralization and increased biomechanical forces needed to unscrew titanium implants after HBO therapy have given support to this assumption (Nilsson et al. 1988; Johnsson et al. 1993 ).
Nevertheless, there is still no consensus or sound evidence in the literature concerning the benefit of HBO to improve osseointegration of dental implants in mandibles, to reduce loss of implants and to minimise risk of development of osteoradionecrosis in patients who have been treated with radiotherapy following cancer treatment (Esposito et al. 1998 ). Currently, the need for more detailed outcome research has brought up the issue of measuring the quality of life of cancer patients by assessing their functional status as well as their physical, social and emotional wellbeing through self-administered questionnaires (Schliephake & Jamil 2002) .
Therefore, the objective of this prospective study was to assess the effect of HBO therapy on treatment outcome (condition of peri-implant tissues, implant survival, oral functioning and quali-80 placement. Patients who agreed with treatment were randomised in two groups. These patients either received peri-operative antibiotics or antibiotics in combination with HBO treatment.
Informed consent was obtained from all patients.
Treatment
All patients underwent both tumour surgery and radiotherapy at the University Medical Center Groningen. Dosimetry was performed to calculate the dose at the implant locations. The cumulative absorbed dose was calculated using the CT data available for the treatment planning. The anterior part of the mandible was drawn as region of interest, the treatment plans were calculated using radiotherapy treatment-planning system, Helax-TMS 6.1B (Nucletron, The Netherlands). The maximum dose in the region of interest was used as the cumulative absorbed dose in that region (Table 1) .
After randomization with regard to age, gender, site and stage of the primary tumour, reconstructive procedure and total dose of irradiation, 13 patients (group 1) received peri-operative antimicrobial prophylaxis with broad-spectrum antibiotics (cefradine 1 gram, three times daily during 2 weeks). The other 13 patients (group 2) received 20 HBO treatments of 100% oxygen at 2.5 atmospheres for 80 minutes (4 periods of 20 minutes) before implant surgery, and 10 HBO treatments of 100% oxygen at 2.5 atmospheres for 80 minutes after implant surgery in addition to the antimicrobial prophylaxis as applied in the non-HBO group. A computer program was used for randomization of the patients (Zielhuis et al. 1990 ).
HBO treatments were performed at the Institute for Hyperbaric Oxygen Treatment in Hoogeveen, the Netherlands. All patients started with broadspectrum antibiotics 1 day before implant surgery and continued for 2 weeks.
In all patients the implants (Brånemark Implants, Nobelbiocare, Gothenburg, Sweden; 
Functional assessments and quality of life
Preoperatively the patients (T0) were asked to fill out questionnaires regarding oral functioning and quality of life. The questionnaires were administered by the investigator (PJS) who was not involved in treatment of the patients. Similar questionnaires had to be completed six weeks (T1) and 12 months (T2) after placing the new dentures. At the same time points, the patients also had to complete questionnaires regarding denture satisfaction and the impact of denture related problems on social activities: 
Clinical assessments
The clinical assessment included dental status, oral condition and prosthetic rehabilitation. 
Radiographic analysis
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Results
Patients
In total 26 patients, 17 men and 9 women (mean age 60.1±7.5 years; range 47-77 years), were included ( 
Clinical assessments
All patients receiving HBO therapy were able to fulfill the complete treatment without problems. In all patients, the interforaminal bone volume was sufficient to enable reliable placement of implants was started up to a cumulative dose of 66 Gy. Three years later four dental implants were inserted in the mandible after 20 HBO treatments before placement of the implants and 10 HBO treatments after implant surgery. In addition peri-operative antimicrobial prophylaxis with broad spectrum antibiotics was applied.
1A.
Clinical intra-oral view showing the four implants connected with a bar.
1B.
Orthopantomogram 1.5 years after surgery showing the four implants and the bar.
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implant survival and success of the denture.
Osteoradionecrosis developed in one patient in the HBO group.
The mean scores on the indices for the periimplant parameters were low at all evaluation periods and did not change significantly over time (Table 2) , except for pocketdepth in the HBO group where a significant increase was observed. There was no significant difference in peri-implant health between both groups except for plaqueindex at the 1-year interval.
Radiographic evaluation
During the first year after loading a minor, although significant, peri-implant bone loss of 0.7±0.6 mm was observed at all implant sites (0.6±0.6 mm and 0.7±0.7 mm at the HBO and non-HBO sites, respectively). No significant difference in peri-implant bone loss was observed between the HBO and non-HBO patients. 
Quality of life
Functional assessments and denture satisfaction
The questionnaires regarding denture satisfaction showed significant improvement in time, but no differences between the HBO and non-HBO group were seen. The impact of denture problems on social activities, as assessed with the GARS-D, and the ability to chew different kind of foods showed tendencies towards improvement for both groups ( T0  T1  T2  T1  T2 Non-HBO* T0 This observation was one of our reasons to perform our randomized clinical trial. The consensus continued "There is an apparent need to develop and employ specific instruments for the assessment of quality of life in oral and facial rehabilitation and to apply them in prospective trials" (Cawood & Stoelinga 2006) . Again this was one of the main topics of our research. Moreover, "Healthrelated quality of life measurements in this respect need a specific questionnaire with appropriate sensitivity and responsiveness. This is supposed to be in addition to existing validated questionnaires tapping broader concepts, e.g. head-and neck-specific questionnaires" (Cawood & Stoelinga 2006 ). This was our reason for combining EORTC QLQ-C30 with EORTC H&N35, OHIP, (overall) denture satisfaction, subjective chewing ability and GARS-D. With exception of the EORTC H&N35, the more head-and neck specific questionnaires showed some significant changes, while the applied treatment did not result in a change in the overall quality of life as measured with e.g. the EORTC QLQ-C30 and EORTC H&N35. A major reason that even the more specific questionnaires did not detect large changes in the quality of life might be that the oncology treatment, in particular radiotherapy, have resulted in so much distress and morbidity (such as worries about survival, fatigue, xerostomia, trismus, loss of taste, swallowing disorders, problems with speech) that wearing an implantretained lower denture might have minor to no impact on overall quality of life. However, when assessing the more specific oral complaints that are related to denture problems, it was obvious that most patients reported significant improvement of their denture comfort as is obvious from the denture satisfaction scores. Thus when assessing the impact of oral treatments on the quality of life, one has to ask those questions study sample was too small to make such a firm conclusion against a potential benefit of HBO therapy with regard to implant survival. Finally, one has to keep in mind that an implant-supported prosthesis is not a guarantee for uncompromised oral function after head and neck oncology treatment, but can be considered a significant factor contributing to the well being of these patients.
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regarding quality of life that focus on the oral component. The EORTC H&N35 seems to be not as specific as needed in this respect and the OHIP, GARS-D, denture satisfaction and chewing ability scores are just too specific for the oral component thus not reflecting an impact on the more general quality of life. Thus, there is still a need for developing more specific questionnaires addressing the impact of the oral component on quality of life.
This study shows that radiotherapy should not be considered an absolute contraindication for implant therapy in the mandible. According to our randomized clinical trial, HBO therapy does not influence the failure rate of implants inserted in mandibles when compared to patients treated without HBO therapy. Therefore the potential benefit of preventive HBO therapy, as assumed by some authors in the literature could not be confirmed (Jisander et al. 1997; Granstrom 2005 
